In the present-day society, people spend about 80% of their time inside buildings, and specifically 30-40% in workplaces. From this evidence, the indoor environmental quality needs to be investigated, and in particular, the possible sources of indoor-outdoor pollutants and their impact on the human health, comfort and productivity. First, through an examination of the indoor sources of pollution, the research analysed the main substances that affect indoor air quality in an office. Second, the pollution of external origin and its effects on the performance of employees were taken into consideration. Two scenarios were designed for a Heating Ventilation Air Conditioning (HVAC) system in an office building; one by the installation of a biocidal filter and the other by a traditional one. Two methods were applied to evaluate and compare those scenarios; the Cost Benefit Analysis and the Monte Carlo Simulation. From a financial point of view, the investment and management costs of the filters were considered. Instead, the annual benefits included increasing productivity and reducing days of absence from work due to illness. The results confirmed the energy and socioeconomic efficiency of the antibacterial filter; it can be considered a solution to achieve the best income.
Introduction
The Indoor Air Quality (IAQ) represents a crucial aspect for human well-being and performances. In recent years the interest in the issues related to IAQ increased, due to a greater awareness of the indoor pollutants' effects on health, well-being and productivity of the occupants who spend about 80% of their time inside buildings (30-40% in workplaces). Furthermore, the revised Energy Performance of Buildings Directive (EPBD) [1] promoted refurbishment and created the regulations to improve the Indoor Environmental Quality (IEQ) in order to optimize the well-being, health and productivity of occupants in indoor environments. For this reason, it has become necessary to take into account not only the energy consumption, but also the IEQ in the design of a comfortable building. Concerning in particular the workplaces, it is known that deteriorated indoor environmental quality may reduce performance at work until 100% loss of productivity when employee is absent from work [2] . Moreover, several studies suggest that better indoor air quality, in terms of low concentration of pollutants or high ventilation rates, can lead to a productivity improvement in a range between 3-7% [3] and 10-15% [4] . The indoor air quality depends mainly on the concentration of indoor pollution, defined as the presence of chemical, biological or physical contaminants in the air of confined spaces [5] . Based on the different emission sources, indoor pollution can be divided into pollutants of outdoor origin (caused by vehicles or industries) and indoor origin (occupants, furniture, printers, building materials, Heating Ventilation Air Conditioning system). This paper focuses on a specific research domain of IAQ and its impacts on productivity loss in workplaces. In detail, the research aims to demonstrate the economic benefits of replacing a traditional filter with a biocidal one in an air handling unit (AHU). In order to achieve this goal, first of all an investigation of the main outdoor pollutants that affect workers' performance in office building was developed. Subsequently, the effect of the installation of a biocidal filter on workers productivity were evaluated including in the economic analysis the benefits in terms of occupants' performance at work and sick leave days. The paper is structured in the following way. Section 2 shows the methodology of data collection deriving from the investigation of the impact of ventilation, indoor air quality and Sick Building Syndrome (SBS) symptoms on worker productivity. This literature review allowed to identify the main pollutants of outdoor origin affecting productivity. Section 3 describes the analysis methods used for developing the investigation. Section 4 concerns the application to an office building and it focuses on the workers' productivity benefit estimation. Finally, the last section (Section 5) describes the results of the economic evaluation and the implementation of the model with a probabilistic approach and a deterministic sensitivity analysis.
Methods
The research starts from a state-of-the-art literature survey about the main pollutants of external origin, introduced into building environment through an HVAC system. The review was evolved by using a wide literature looking at papers, books and the main Standards. Attention was paid to the effects of pollutants on workers' productivity in workplaces. Starting from statistical data coming from the literature review, a Cost Of Illness approach was developed in order to calculate the benefits of a biocidal filter. Finally, the results obtained in the first phases were implemented in a Cost Benefit Analysis (CBA) framework to evaluate the incremental benefits of a biocidal filter installation in an office.
Pollutants affecting productivity
A lack of a direct correlation between the outdoor pollutants and their effects on worker performances has emerged from the literature review. First, the main pollutants present in the outdoor environment have been investigated; according to the UNI EN 13779:2008 [6] they are identified by sulfur dioxide (SO2), nitrogen dioxide (NO2), carbon dioxide (CO2), ozone (O3) and airborne particulate matter (PM). Second, the research focuses on the effects of indoor environment quality related to ventilation rate, indoor air quality and SBS symptoms in order to establish which pollutants, mentioned before, affect directly worker productivity. [2] describes that by increasing the ventilation rate there is a reduction effect on the concentration of pollutants in the air, and consequently the prevalence of Sick Building Syndrome (SBS) symptoms decreases by improving the air quality. Several studies established and supported the relationship between ventilation rate and relative performance; [7] shows that the performance of text typing improved by 1% for each doubling in outdoor air supply in the range between 3 and 30 l/s per person. [8] presents an experiment in an office building in which short-term sick leave was reduced by 35% when the outdoor air flow increased from 12 to 24 l/s per person. Another experiment in a call-center shows an improvement of 6% in operator performance (in terms of reduction in average call time), when the air flow rate was increased from 2.5 to 25 l/s per person [9] . In addition, different studies report the effects of air quality on work performance (removal of old computers or carpets) [10, 11] and show that for each 10% reduction of dissatisfied people about the indoor environment, the work performance increase of 1.1%. [12, 13] defined a relationship between the increase in temperature, the reduction in ventilation and the air quality with SBS symptoms; these latter (headache, nausea, vomiting, fatigue) cause distraction and affect work performance. Finally, [14] describes a survey conducted in an outdoor environment that allows to investigate the effects of pollutants present in the outside air (sulfur dioxide, nitrogen dioxide and PM) on the incidence of SBS symptoms among residents in Shanghai. From this literature review emerges that all the outdoor pollutants, mentioned in the Standard, should be taken into consideration for the analysis. Only ozone from the outdoor environment cannot be considered, due to its degradation caused by crossing through the air treatment unit.
Cost Of Illness
The Cost Of Illness (COI) technique is usually used to evaluate the benefits generated in health care [15] . The aim of this methodology is to identify and measure the costs of a disease, including direct, indirect and intangible components. The direct costs consist in health-care costs related to specialist visits, haematological and serological tests, diagnostic control procedures, supportive drug therapies and hospitalizations. Indirect costs refer to productivity losses due to morbidity and mortality, borne by the individual affected. To calculate indirect costs, reference was made to the Human Capital Approach (HCA) [16] . Based on this approach, the loss of productivity is calculated for the period between the income of the disease and the return to work activity. Lastly, intangible costs are associated to psychosocial effects. To estimate these impacts in a monetary term, approaches based on revealed preferences techniques are used. In the present research, we focused only on the evaluation of direct and indirect costs, overlooking intangible effects.
CBA-based scenarios analysis
A scenarios analysis based on Cost Benefit Analysis (CBA) approach is proposed to identify the incremental benefit of biocidal filter installation [17] . The CBA is an analytical tool that is used in investment decisions in order to assess alternative projects from a social point of view. In theoretical terms, the CBA combines financial approach based on Life Cycle Cost (LCC) method to economic dimension, introducing positive and negative externalities in the assessment. Summarising, the CBA method includes 5 steps: 1) identification of costs and benefits of the alternative projects; 2) estimation of the monetary values of costs and benefits; 3) construction of the cash flow; 4) definition of the discount rate; 5) calculation of the performance indicators. In this study, the Benefit/Cost ratio (B/C) is chosen to present the results. It consists in the relationship between discounted benefits flow and discounted costs flow, as shown in the formula (1):
where n is the analytic horizon, t represents the cash flow period, Bt is the cash flow of benefits, Ct is the cash flow of costs, and r is the discount rate. According to this evaluation criterion, a project is preferred to others based on the value of the ratio of benefits and discounted costs that must be greater than one. To consider the uncertainty of data embedded in the assessment model, a Monte Carlo simulation that performs risk analysis by constructing , 0 (20 1 Web of Conferences https://doi.org/10.1051/e3sconf/2019111020 9) 201 E3S 111 CLIMA 9
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Relation between IAQ and productivity 3.1 Filtering capacity
The main difference between traditional filter and biocidal one is that the first is ineffective against gaseous substances. Instead, the biocidal air filtration can remove 5% more of airborne particulate matter, 1% of CO2, 5% of NO2 until 20% of SO2. The present research considered that biocidal filter has a filtering capacity, related to pollutants of external origin, from 1% to 20% more than a traditional filter. Because of this assumption, a traditional filter, in order to achieve the same filtering effect of a biocidal one, requires an increase in the outdoor air-flow supply. The figure above shows two indoor environments respectively characterized by the installation of the traditional filter ( Fig. 1a ) and the antibacterial one ( Fig. 1b ). If the same concentration of pollutants (Ċa), and of contaminants from human activity (q̇) must to be maintained in the indoor environment, the air flow rate (ṁ' and ṁ'') changes in the two different conditions according to the following relation (2):
where Ċa is the indoor pollutants concentration, ṁ' and ṁ'' represent respectively the ventilation rate of the traditional and the biocidal filter. 
Workers' productivity benefits
The parameters taken into consideration for the evaluation of the benefits reachable thanks to the installation of the biocidal filter in an office building refer to work performance and absence due to illness. These effects are included in the economic analysis and translated into monetary terms. To calculate the improvement in productivity we calculate how much the condition guaranteed by biocidal filter differs from that provided by the traditional one, according to minimum ventilation requirements (11 l/s per person). To calculate sickness absence, reference was made to the approach of the Human Capital Approach (HCA) [16] , which estimates the days of work lost in relation to the average daily salary.
Loss of productivity
We have assumed that air quality is the only parameter that varies the work performance of the employees. The relationship between indoor air quality and work performance for the traditional filter (dashed line) and for the biocide filter (grey area) is shown in Figure 2 . 
where RPv is the relative performance and v is the ventilation rate (l/s per person). The equation (3) derived from the results of the statistical meta-analysis performed by Seppanen et al. [18] on the relationship between ventilation and work performance in working spaces. Figure 2 illustrates how office work performance varies with ventilation rate. Substantial growth occurs in the first part and then becomes almost constant at higher ventilation flow rates. The average performance increases by approximately 1% for 5 l/s per person increase in ventilation rate. At higher ventilation rates, the average performance increase is smaller, approximately 0.3% per 5 l/s per person increase in ventilation rate. The increase in productivity was predicted using the relationship above that shows an increase in performance by higher ventilation rate. The benefits of increased productivity was explained into monetary terms, as annual revenue, considering the labour cost based on the average salary of employee.
Direct and indirect avoided costs
The effect of using the biocidal filter is reflected in an increase of workers' productivity in terms of reduction in days off work due to illness and as reduction in costs incurred due to a specific disease. This study includes both direct costs (costs of medical resources for the treatment of the disease) and indirect costs (loss of productivity). In this way, we adopted both company and the National Health Service (NHS) points of view. The adsorbent capacities of the biocidal filter are particularly indicated for the abatement of bacteria responsible for community pneumonia (CAP) and the Community-Acquired Meningitis (CAM); Staphylococcus aureus and other Gram-negative bacteria. Pneumonia of non-hospital origin still represents an important event in terms of morbidity, since it affects an average of 5-11 people per year per 1000 inhabitants. In the case of the patient with suspected pneumonia, the severity of the clinical picture and the risk of complications must be assessed. Indeed, the decision to hospitalize the patient (5% ÷ 51% of cases) or to subject it to antibiotic treatment comes from medical evaluation. The meningitis occurrences are lower than those of pneumonia, recording 3-6 cases per year for every 100,000 inhabitants. For the estimation of direct and indirect costs, the Cost Of Illness (COI) method is applied (section 2.2). The direct costs for the hospitalization and antibiotic treatments are calculated following the formula (4):
Direct Costs = Medical treatment cost x Abatement capacity x Period spent x Morbidity events (4) where the medical treatment cost is equal to the cost of health care, the abatement capacity is the biocidal filter capability to reduce pneumonia and meningitis bacteria, and the period spent reflects the worker time spent in the workplace, and morbidity events represent the occurrences of disease cases. The HCA plans to first calculate the possible cases of pneumonia in a specific case study, quantify cases of hospitalization, and calculate the potential benefits, following the formula (5):
Indirect Costs = Daily Salary x Hospitalization days x
Period spent x Morbidity events (5) where the Daily salary corresponds to the wage for different workers, Hospitalization days represent the average period of hospitalization to carry out the treatment.
Application

Case study description
The purpose of this study was to evaluate the effects of the installation of the biocidal filter on worker productivity, it was decided to select an office as case study for the application. The working environment is continuously influenced by different parameters related to the conformation of the work station, to the internal temperature, to visual and acoustic comfort, as evidenced by various studies [2] . In the design phase, little attention is given to determining a correlation between the quality of the internal environment and the productivity and performance of workers. A non-quality internal environment can reduce the work performance of employees. The first problems are related to the days of absence from work, due to the onset of diseases. This mainly affects the increase in the costs of the NHS and the social security system in economic terms. Other losses in economic terms derive from the reduction of work performance due to diseases related to the low quality of the indoor work environment. One of the parameters considered in this study is related to the effect of ventilation on worker performance. The hypotheses of the studies previously conducted start from the assumption that workers feel better thanks to good air quality and work in a proficient way. Given the above, the work environment is an excellent case to investigate the potential of the biocidal filter in terms of better air flow, compared to a traditional filter. Simulations for the calculation of costs and benefits for air quality improvement were run for a 400 m 2 office buildings with 67 employees. Two alternative scenarios were designed;
x Scenario 1 with traditional filter; it corresponds to the installation of a traditional filter in the HVAC system of the office building.
x Scenario 2 with biocidal filter; the ventilation system is associated with an antibacterial filter which, in addition to reduce energy consumption, guarantees health benefits and an increased air flow rate.
Evaluation of benefits
Firstly, the productivity effect of biocidal filter was estimated according to the relationship between ventilation rate and work performance. The analysis was performed in a comparative manner, evaluating how much the antibacterial filter allowed to obtain better indoor conditions in terms of indoor air quality. The increase in productivity was predicted using the relation showing an increase ranging from 1% to 20%, in relation to the air flow. As shown in the graph in Figure  2 , the biocide filter could guarantee a better work performance thanks to an air flow greater than that required by the law (traditional filter), that ranging from 1.011 for an air flow of 11.1 l/s, to 1.014 for 13.2 l/s. This means that compared to a traditional filter, the work performance increases from 0.1% to 0.4%, respectively. To convert the parameter linked to productivity into a unit that is homogeneous to that of the other costs, it is necessary to estimate the labour cost per worker per day. Labour costs can be obtained dividing the annual salary (gross salary) by annual working days. In this case study, an annual gross salary of € 27,500 was assumed, and 220 working days per year. Therefore, an increase in productivity of 1% and 20% corresponds to an annual economic benefit per worker equal to € 27.50 and € 110.00 respectively. Secondly, following the Cost Of Illness approach, the total direct and indirect costs caused by bacteria in workplace were assessed. By the health system, the direct costs consist of health-care including hospitalization and medical treatments. Following the formula (4) the direct costs related to CAP and CAM were calculated for the case study considered. The total expenses for the office building is equal to € 73.23 per year. The indirect costs considered the days of work lost due to admission to hospital treatment. The period of hospitalization for the pneumonia and meningitis has an average duration of about 10 days, which determine as many days of absence from work. For each diseased worker, the annual cost in terms of health avoided by biocidal filter is equal to € 9.21.
Financial-economic feasibility analysis
The following phase of the research involved the financial and economic analysis in commercial sustainability terms of the antibacterial and traditional filter. The method used to verify the financial feasibility of the two supposed scenarios is the CBA. The European project evaluation guide [17] stresses that the positive and negative externalities generated by a project must be included in the feasibility analyses [19, 20] . Two different evaluations were carried out, one for each scenario respectively. In accordance with the CBA methodology, the investment costs, annual operating costs (related to energy consumptions), annual replacement and disposal costs for the two filters were calculated. To comply with the limits set by the European Standard EN 15259:2007 [21], a large traditional filter is required. While, the medium size antibacterial filter is sufficient to guarantee regulatory limits. Each filter size requires an air handling unit of the same size that allows the installation of the filter; a larger AHU is required for the traditional filter. This implies a difference in the initial investment cost related to the purchase of the AHU, equal to € 833. The annual energy costs for the traditional filter vary depending on the range of productivity benefits reached from installing the antibacterial filter (1÷20%). A difference in the installation cost for the two filters occurs because is necessary to install an AHU of appropriate dimensions according to the size of the filter. Following the LCC method, it is therefore necessary to include in the valuation the residual value (RV) of the AHU component which at the end of the calculation period have not exhausted their usefulness. In detail, RV was calculated for the Scenario 1 that includes the traditional filter, as follow (6):
where Di is the period considered in the analysis, Le represents the economic life of the component, Ci is the initial cost. Economic life corresponds to the period within which the component fulfils the functional performance, and a period of 15 years has been assumed for the AHU. On the benefits side, improvements in productivity and health were calculated, in terms of avoided costs. Once costs and benefits were identified, the following steps consisted in their quantification and monetization (Table 1) . Considering a calculation period of 10 years and a discount rate equal to 2%, all annual costs and benefits were discounted and summed up separately.
Results and discussion
Monte Carlo simulations were combined with the CBA to calculate the results in a probabilistic way. A triangular distribution for the main uncertain parameters was assumed considering the minimum, the average and the maximum value as references. Furthermore, 200 independent scenarios were generated according to a 95% confidence interval. Figure 3 presents the variation of B/C ratio according to the variation of the variable values for the Scenario 2. On the x-axis the value of B/C is shown, while on the y-axis the probability is indicated. Table 2 shows the results obtained from Monte Carlo simulation. The results shown the goodness of the installations of the antibacterial filter in the work environment. The biocidal filter is remarkably robust from the point of view of the positive economic impact on the financial statements, with a positive benefit even in cases where the minimum reference values are considered. From the point of view of economic and financial sustainability for the promoter, the installation of the antibacterial filter is advantageous. Once the uncertainty linked to some parameters identified by the Monte Carlo simulation has been eliminated, the CBA methodology requires a series of sensitivity analyses to validate the solidity of the results against specific uncertainties. We proceeded to evaluate the stability of the proposed solution by a deterministic "what-if" analysis of specific parameters identified in literature; in particular, the productivity and the health benefit (variation of ±5%, ±10%) that affect Scenario 2 is examined. Moreover, the variation of the cost of labour parameter allows to explore various working situations, where different professional figures with different professional level and therefore annual salary exist. In Table 3 , the results related to the sensitivity analyses on the variation of the parameters for the Scenario 2 are shown considering the average values of the reference parameters. In summary, in light of the evidences emerging from the sensitivity analysis, it can be seen that Scenario 2 is robust from the point of view of economic profitability and it is always preferable to Scenario 1. The B/C ratio assumes a maximum variation due to the change in the productivity value assuming a minimum of 19.637 to a maximum of 23.992. In this sense, this variable is crucial for the overall process and should be carefully monitored in the evaluation.
Conclusions and future perspectives
The application proposed in this study shows how the installation of an innovative antibacterial filter allows to improve the quality of the air through the biocidal function and the molecular filtration power. The proposed integrated methodology includes a financial and economic assessment in order to determine the net benefit generated by the installation of this innovative filter compared to a traditional one. For this reason, two scenarios were designed for a HVAC system for an office building. A CBA was set up to aggregate costs and economic benefits and compare the two scenarios. From a financial point of view, the investment and management costs (energy, replacement and disposal) were considered [22, 23] . Instead, the annual benefits include increasing productivity and reducing days of absence from work due to illness [24] . The biocidal filter, thanks to its ability to remove bacteria and gaseous substances confirms its energy and economic efficiency. The antibacterial filter can be considered a solution to achieve the best income. However, the proposed method has limitations. The data used derive from literary sources. No real simulations were developed to take data. Furthermore, other externalities are not taken into consideration in this study. Among the economic benefits not considered we can identify the environmental impacts resulting from a reduction in energy consumption, the lower costs of staff turnover for the employer, the willingness to pay employees for not suffering from certain discomforts [25, 26] . 
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